The role of bottom-up and top-down connections during visual perception and the formation of mental images 20 were Q4 examined by analyzing high-density EEG recordings of brain activity using two state-of-the-art methods for 21 assessing the directionality of cortical signal flow: state-space Granger causality and dynamic causal modeling. 22 We quantified the directionality of signal flow in an occipito-parieto-frontal Q5 cortical network during perception 23 of movie clips versus mental replay of the movies and free visual imagery. Both Granger causality and dynamic 24 causal modeling analyses revealed an increased top-down signal flow in parieto-occipital cortices during mental 25 imagery as compared to visual perception. These results are the first direct demonstration of a reversal of the pre-26 dominant direction of cortical signal flow during mental imagery as compared to perception. 27 © 2014 Elsevier Inc. All rights reserved. 
rectionality. In the absence of a gold standard , and 68 because of the different assumptions of GC and DCM, we opted to use 69 both methods to increase confidence in the results.
70
We recorded brain activity while subjects engaged in both visual colors, textures, and movements) of the scenarios they were imagining.
137
The daydreaming imagery was performed both with eyes closed and Visual imagery ratings. In both paradigms, the vividness of the imagery 144 was rated on a 5 point scale (VVIQ2). The average subjective rating for 145 the mental replay of short movies (The Sims 3 paradigm) and for the 146 free-guided imagery (daydreaming paradigm) was 3.7 (range from 3 147 to 4.5) and 4.2 (range from 3 to 5), respectively.
148

Data acquisition and analysis
149
The participants were seated in a dim and quiet room at 70 cm from Network representation of backward (violet), forward (green), and lateral (blue) latent connections included in the MVAR model used to compute GC (left) and the DCM (right). The MVAR models for the GC analyses were based upon the six nodes depicted. However, GC values were computed by pooling over the right and left hemispheres. Consequently, we estimated GC on backward and forward connections grouping the homologous regions in both hemispheres to characterize three functional interactions between the frontal, parietal, and occipital regions. In the DCM, we only allowed condition-specific changes in the backward and forward connections, and then averaged estimates across hemispheres. IOG: inferior occipital gyrus; SPL: superior parietal lobule; PFC: BA46 in the dorsolateral prefrontal cortex.
The start and end of each short movie were synchronized with the EEG 156 recordings.
157
Data acquisition
158
High-density electroencephalography (256 electrodes, Electrical
159
Geodesics Inc., Eugene, OR) was recorded with vertex referencing, at a 160 500 Hz sampling frequency, using the NetStation software (Electrical
161
Geodesics Inc., Eugene, OR).
162
Preprocessing
163
EEG data were analyzed using the NetStation software and MATLAB
164
(The MathWorks Inc., Natick, MA). The data were average referenced.
165
Three distinct stages of preprocessing were applied to the data. The The DCM analysis was performed on the 4-25 Hz band to correspond 195 to the same frequency range studied using broadband GC. 
231
The GC analysis is based on an MVAR generative model for the activ- 
240
Granger causality. Connectivity estimates were inferred using a state- The estimated six-region MVAR models were used to evaluate corti- 
paradigms differ in several respects, including attentional effort and 447 memory load, with respect to directed connectivity they were similar 448 to each other. Thus, the observed differences in directed connectivity 449 are likely due to common differences between imagery and perception, 450 rather than to specific features of the two imagery tasks.
451
These results are in line with previous studies suggesting a differen- analysis was performed using all of the spatial modes that remained 500 after ICA. Despite these dissimilarities, an increase in top-down connec-501 tivity during imagery was found in parieto-occipital regions using both 502 techniques.
503
Neither GC nor DCM were able to identify statistically significant dif-504 ferences in frontal connectivity. Since the results for the frontal connec-505 tions were not statistically significant in any of the cases in this study, it 506 is inappropriate to attempt to draw conclusions from them. We suspect 507 that the lack of significance may be due to the insufficiency of the 
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